The DNA molecules synthesized in herpes simplex virus (HSV) infected cells were analysed by electrophoresis in polyacrylamide gels. It was found that part of the virus DNA, isolated from infected nuclei, migrated into the gels in a manner similar to the virus DNA molecules isolated from purified herpes simplex virus particles. Most of the virus DNA molecules, labelled in vivo for 60 min with [3H]-thymidine as well as labelled cellular DNA molecules, were retained at the top of the gel during electrophoresis. The amount of HSV-DNA which migrated into the gel gradually increased when the labelled cells were reincubated after removal of the isotope (chase). Most of the DNA molecules, which were retained at the top of the gel, had the density of virus DNA but differed in their sedimentation behaviour in sucrose gradients from the intact DNA molecules isolated from purified virus particles. The presence of replicating as well as mature virus DNA molecules in infected nuclei is discussed.
INTRODUCTION
Electrophoresis of RNA molecules in polyacrylamide gels was described by Loening & Ingle (I967) . More recently it was found that DNA molecules from bacteria and eukaryotic cells could be isolated by electrophoresis in gels (Williamson, ~97o; Aaij & Borst, I97z; Dingman, Fisher & Kakefuda, I972) . DNA molecules in the range of 2 to Ioo × IO 6 mol. wt. migrated in polyacrylamide gels to the same position (Fischer & Dingman, I97I; Gregson, I972; Tegtrneyer & Masaret, 2972) , irrespective of the conformation of the DNA molecules. It was found that DNA molecules from different microbial species migrated in polyacrylamide-agarose composite gels at a rate dependent on their base composition (Zeiger et al. I972) . Since mammalian cell DNA has a guanosine plus cytosine (G + C) content of 42 to 44 % and herpes simplex virus DNA has a base composition of 67% G+C and a mol. wt. of ioo× 206 (Becker, Dym & Sarov, 2968) , we decided to use electrophoresis in acrylamide gels to separate intracellular virus DNA from the host cell DNA. We found that virus DNA molecules migrated into the gels and were separated from cellular DNA which was retained at the origin. In addition, virus DNA molecules differed in their ability to migrate in the gels, depending on their state in the host cell. These DNA molecules from HSV infected nuclei which migrated into the gels resembled the DNA molecules isolated from herpes virus particles, while nuclear DNA molecules, retained at the top of the gels, may have the properties of replicating virus DNA. The following DNA preparations Were electrophoresed in 3'o ~ acrylamide gels for 5 h at 5 mA/gel. (a) HSV-DNA was isolated from virus particles labelled for I5 h with [aH]thymidine starting at 3 h p.i. The virus particles were purified by sedimentation in sucrose gradients and the DNAwas prepared by method (a), as described in Methods. (b) BSC I cells were labelled for Io h with [aH]-thymidine (5 #Ci/ml) and the nuclei were isolated by treating the cells with NP-4o (i ~, v/v) in RSB. The DNA was prepared by method (a). (c) A reconstitution experiment to study the separation of HSV-DNA from cellular DNA. HSV-DNA, labelled with [14C]-thymidine (O--O) prepared by method (a) was added to SDS treated BSC I nuclei labelled with [aH]-thymidine (O ---O). (d) HSV infected cells were labelled with 5 #Ci/ml [aH]-thymidine for i2 h, starting at 6 h p.i. The nuclei were isolated with I ~ (v/v) NP-4o in RSB. DNA was prepared by method (a). (e) BSC t cells were labelled with p4C]-thymidine (o'2/zCi/ml) for 24 h. The medium was changed and the cells were incubated in fresh unlabelled medium for an additional period of z4 h. The cells were then infected with HSV and labelled for 12 h with [aH]-thymidine (5 #Ci/ml) starting at 6 h p.i. The nuclei were obtained and treated by method (a). O----O, DNA synthesized after HSV infection; O .... O, cellular DNA synthesis prior to virus infection.
METHODS

Virus and cells.
The HF strain of herpes simplex virus was propagated in BSC I cells. For infection of BSC I cells with HSV, a multiplicity of infection of lO p.f.u./cel| was used. Under these conditions, the initial progeny appears at 6 h post-infection (p.i.) and continues to be synthesized until I8 h p.i. (Levitt & Becker, I967 The cells were labelled and harvested as indicated for each experiment. In some cases, infected and uninfected ceils were treated with distamycin A (2 oo #g/ml), hydroxyurea (5 × 2o 2 M) and camptothecin (z #g/ml).
Fractionation of infected and uninfected cells. The cells were scraped into reticulocyte standard buffer (RSB) containing Nonidet P-4o (NP-4o) (2 % w/v). The cell homogenates were centrifuged at 8oo rev/min in a PR-2 centrifuge, the supernatant fluids (the cytoplasmic fractions) were removed and the nuclei were resuspended in SDS-buffer.
Preparation of purified virus and cellular DNA. Several techniques were used to isolate and purify DNA: (a) SDS treatment: preparations of either infected cell suspensions or of herpes virus particles from the different virus bands isolated in sucrose gradients (Becker et al. 2972) were treated with SDS (2 % w/v) and the crude DNA suspensions were used: (b) SDS-pronase treatment: virus suspensions from sucrose gradients were treated with SDS (r % w[v) and incubated overnight with pronase (2 mg/ml) at 37 °C and: (c) Phenol extraction of DNA. The SDS-pronase treated preparations in 3o % (w/v) sucrose were At the end of the labelling periods, the cell cultures were treated with NP-4o (I ~ v/v) and the nuclei were pelleted by sedimentation. The nuclei were resuspended in SDS buffer containing 30 ~ (w/w) sucrose and electrophoresed in 2.8 ~ acrylamide gels at 5 mA/gel for 4'5 h. The gels were sliced into 2 mm slices and the radioactivity in each Was determined. extracted three times with an equal vol. of phenol at room temperature, followed by two extractions with a mixture of 1% (v/v) isoamyl alcohol and 99 % chloroform. The DNA was precipitated overnight, with two vol. of 95 % ethanol at 4 °C and dissolved in o'oi × SSC. In some instances, the method of Marmur & Tso (196I) was used to prepare cellular DNA. Sheared DNA was usually obtained by this technique. Electrophoresis of the DNA preparations. The technique of Loening & Ingle (1967) for the analysis of RNA was used. A purified virus DNA preparation was mixed with either virus particles or nuclei treated with SDS (I % w/v) and carefully layered on top of the acrylamide gels (2.8 % or 3 %) to avoid shear damage to the DNA. The gels were electrophoresed for 4 to 12 h at 5 mA/gel. At the end of electrophoresis the gels were removed, sliced into 2 mm fractions, dissolved in ammonia, and the radioactivity in each fraction was determined in a Packard Scintillation counter.
Buffers.
Characterization ofHSV-DNA elutedfrom the gel. The virus DNA was eluted from the gels by incubation of the slices which contained the labelled DNA, in 2 × SSC buffer containing o.2 % SDS (o'5 ml buffer per 2 mm gel slice). The DNA preparations were analyzed by zone sedimentation in both neutral sucrose gradients (5 to 20 %, w/v, sucrose made in TEN buffer), and CsC1 gradients (Rosenkranz & Becker, I973).
Materials. These consisted of: acrylamide (Schuchardt, Munich, Germany) which was 
RESULTS
Isolation of HSV-DNA from infected cells by electrophoresis in polyaerylamide gels
To determine whether HSV-DNA can be separated from cellular DNA, artificial mixtures of labelled cellular and virus DNAs were analysed by electrophoresis in polyacrylamide gels and compared to the migration of HSV-DNA and cellular DNA in separate gels. It was found that all the virus DNA molecules migrated into the gels (Fig. I a, c) , while most of the cellular DNA was retained at the top of the gel (Fig. I b) . Even when great care was taken to retain the cellular DNA intact, a small amount (about 1% of the labelIed cellular DNA) migrated to the position of virus DNA (Fig. I b, c) . The nature of this cellular DNA fraction is not yet The experiment was carried out as described in the legend to Fig. 4c . The gels were sliced and the radioactive DNA was eluted from these slices which were found to contain labelled DNA. The eluted DNA preparations were analysed by sedimentation in sucrose gradients. known. Thus it is possible to separate HSV-DNA from most of the cellular DNA by electrophoresis in polyacrylamide gels, but some contamination with cellular DNA should be expected.
The DNA species synthesized in HSV infected nuclei were also analysed by electrophoresis in gels. The infected cells were labelled with radioactive thymidine during the I8 h of the growth cycle after which the nuclear fraction was dissolved with SDS and electrophoresed in acrylamide gels. It was found ( Fig. ~ d) that part of the labelled DNA molecules entered into the gel while most of the radioactive DNA was retained at the top of the gel. To determine whether the labelled DNA which migrated into the gel was indeed virus DNA, cells were labelled with [l~C]-thymidine for a4 h prior to infection. The isotope was washed from the cells which were then incubated for an additional 24 h before infection with HSV and the addition of [3H]-thymidine to label the replicating virus DNA. The nuclei were harvested at the end of the virus growth cycle, dissolved in SDS buffer, and the DNA was electrophoresed in acrylamide gel (Fig. I e) . Most of the radioactive DNA molecules which migrated into the middle of the gel were synthesized after virus infection and only a minor fraction of the pre-labelled cellular DNA migrated into the acrylamide gel to the same position as virus DNA. However, a large part of the DNA synthesized in the infected cells, was retained at the top of the gel (Fig. I e) . Further studies are required to explain this phenomenon.
Isolation of virus DNA from nuclear and cytoplasmic fractions of infected cells
The migrationinto gels of virus DNA molecules from mature herpes virus particles present in the cytoplasm was compared with that of virus DNA molecules present in the nuclei. HSV infected cells treated with distamycin A (an inhibitor of HSV-DNA replication, Becker, Neuman & Levitt-Hadar, t972), were used as a control. All the DNA molecules isolated from the cytoplasmic fraction migrated into the gels (Fig. 2b) . In contrast, only part of the nuclear DNA migrated into the gel and the rest was retained at the top (Fig. 2a ). Distamycin A almost completely inhibited the synthesis of DNA molecules which were capable of migration in the gels (Fig. 2a, b) . The small DNA peak in the gel (Fig. 2a) is probably similar to the small peaks obtained with cellular DNA in the previous experiments (Fig.  b, c) . The results of this experiment suggest that DNA molecules released from mature 
Time course of synthesis of mature HSV-DNA
To study the time course of formation of mature HSV-DNA in infected nuclei, the cells were labelled with [aH]-thymidine at different time periods during the virus growth cycle. At the end of each labelling period, the nuclei were isolated from the infected cells, dissolved in SDS buffer, and the DNA was studied by electrophoresis in acrylamide gels. Uninfected cells were similarly treated and used as controls. It was found that the amount of radioactive DNA molecules which migrated into the gels from the nuclei of the infected cells gradually increased during the virus replicative cycle (Fig. 3 a, d) . Smaller amounts of radioactive DNA were found in the nuclei later in the virus growth cycle, probably because mature virus particles were being transported from the nuclei to the cytoplasm (Fig. 3 e, f) . This analysis also demonstrated that most of the radioactive DNA molecules synthesized in the infected nuclei were retained at the top of the gels (Fig. 3) .
Characterization of the DNA molecules separated by electrophoresis in polyacrylamide gels
Since in HSV infected BSC I cells most of the newly synthesized DNA molecules are virus DNA (Rosenkranz & Becker, 1973) , it was of interest to characterize the two species of DNA molecules, those which migrated into the gels and those which were retained at the top of the gels after electrophoresis. HSV infected cells were labelled for I2 h (starting at BSC I cells in tube cultures (io ~ cells/tube) were infected with HSV and labelled with dTH 3 (i5#Ci/culture) at I5 h post-infection. After labelling for I h, the cultures were carefully washed with medium and were reincubated in fresh medium with or without the inhibitors. At different times, cells were lysed with SDS and electrophoresed in polyacrylamide gels. The gels were sliced and the radioactivity in each slice was determined.
* Radioactivity in the band of virus DNA (determined by the position of HSV-DNA). Not done. 6 h p.i.) with [3H]-thymidine after which the nuclear fraction was subjected to SDS treatment and electrophoresed in several acrylamide gels. Analysis of one gel (Fig. 4a ) revealed that about 2o ~o of the labelled DNA molecules migrated into the gel, but most of the radioactivity (about 8o %) was retained at the top. The rest of the gels were similarly sliced; the DNA molecules were eluted from slice I and from slice I6 and subjected to analyses of their density and size. Sedimentation in CsC1 gradients with HSV-DNA as a marker showed that most of the DNA molecules obtained from slice I6 had the density of virus DNA 1.718 g/ml (Fig. 4b) . A small amount of DNA molecules (about Io %) banded at the density of cellular DNA (I'7OO g/ml). Similarly, most of the DNA molecules extracted from slice I had the density of virus DNA, while a small amount of labelled DNA molecules also banded at the density of cellular DNA (Fig. 4b*) . The size of the DNA molecules was determined by sedimentation in sucrose gradients together with purified HSV-DNA molecules which served as a marker. It was found (Fig. 4c ) that the DNA molecules from slice I6 banded in the sucrose gradient as a homogeneous virus DNA peak together with the purified HSV-DNA. In contrast, the labelled DNA molecules which were retained at the top of the gel (slice I) were found to consist of several DNA species. About 7o % of the radioactive DNA sedimented faster than the HSV-DNA (Table I) . It is not yet known whether this DNA species is indeed larger than mature HSV-DNA or is associated with unlabelled cellular DNA of high mol. wt.
Maturation of virus DNA
It was of interest to determine whether the virus DNA molecules which do not enter the acrylamide gel are the precursors to mature virus DNA molecules which do migrate into the gel. Infected cells were labelled at IO h p.i. for 6o min with [3H]-thymidine. At the end of the labelling period, the radioisotope was removed, the cells were washed and further incubated in the absence of the isotope. Cultures were removed at hourly intervals, the nuclear fractions were obtained, and the DNA was analyzed by electrophoresis in polyacrylamide gels (Fig. 5) . A small band of radioactive DNA, which migrated into the gel to the position of purified HSV-DNA ( Fig. 5 a) , was detected at the end of the 6o min labelling period. Most of the DNA molecules were still retained at the top of the gel. Further incubation after the 
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removal of the isotope (chase), resulted in a gradual increase in the amount of virus DNA which was capable of migration into the gels (Fig. 5 b, c, and d) . The labelled DNA molecules migrated into the gels similarly to HSV-DNA ( Fig. 5e ). Analysis of uninfected controls showed that hardly any cellular DNA molecules migrated into the gel (Fig. 5 a to d) . The results in Fig. 5 e (inset) suggest that 6o min were needed before some of the virus DNA molecules, retained by the gel, were able to migrate.
To determine whether the mature DNA molecules originated from the pool of virus DNA molecules, infected cells were labelled for 6o min with [ZH]-thymidine and then treated with inhibitors of DNA synthesis. The treated cultures were reincubated and samples were removed at different times and analysed by electrophoresis in polyacrylamide gels. The total radioactivity in the band which migrated to the position of HSV-DNA was determined (Table 2 ). It was found that cytosine arabinoside (Levitt & Becker, 1967) , hydroxyurea (Rosenkranz & Becker, I973) and camptothecin (Becker & Olshevsky, 1973) , all potent inhibitors of virus DNA synthesis, did not prevent and even enhanced the increase in the amount of virus DNA which migrated into the gels. A similar phenomenon was noted when thymidine (IO/zg/ml) was added to the medium of the labelled infected cells (Table 2 ). These results indicated that the DNA molecules which are capable of migration in gels are drawn from a pool of virus DNA molecules present in the infected nuclei. The nature of the change in the DNA molecules which permits the molecules to migrate in the gel is not yet known.
DISCUSSION
This study demonstrates that mature virus DNA molecules (mol. wt. IOO × Io 6) can be separated from immature molecules, some of which have a tool. wt. larger than the virus DNA. The DNA molecules from infected nuclei which migrate into the acrylamide gels, have a mol. wt. of IOO x io 6 and co-sediment with HSV-DNA molecules, isolated from purified virus particles, both in sucrose and in CsC1 gradients. However, the majority of the virus DNA molecules isolated from infected nuclei differ from the mature virus DNA in that they are unable to enter polyacrylamide gels when electrophoresed. The sedimentation coefficient of these molecules differs from that of DNA molecules isolated from purified virus particles, but they are of virus origin, as was found by density sedimentation in CsC1 gradients.
Previous studies (Russell et al. 1964; Olshevsky, Levitt & Becker, 1967; Wilkie, 1973) have shown that most of the virus DNA molecules synthesized in infected nuclei are not coated and remain associated with the nuclei throughout the infection. These DNA molecules differ in their sedimentation characteristics from the DNA which is encapsidated into virus particles (Frenkel & Roizman, i972; Wilkie, I973) . Since the replicating form of HSV-DNA has not yet been isolated and described, we do not know whether the DNA molecules which are retained at the top of the acrylamide gels are in fact the replicating virus DNA. It has been found (A. Ben-Zeev & Y. Becker, unpublished observations) that single-stranded HSV-DNA molecules also do not migrate in the acrylamide gels, while double-stranded DNA molecules are able to do so. It is possible that replicating HSV-DNA molecules, which resemble replicating adenovirus DNA (Sussenbach et al. I973) are present among the nonmigrating virus DNA molecules. On the other hand, these DNA molecules may be complexed to proteins or cellular DNA, by an association that could be overcome by changing the ionic conditions. Further studies are needed to characterize the majority of the virus DNA molecules which are not coated during infection.
Electrophoresis in polyacrylamide gels was used to study the time course of appearance of mature virus DNA molecules, based on their ability to separate from the rest of the virus DNA by migration into gels. It was found that the appearance of mature virus DNA molecules during the virus growth cycle corresponded to the time course of virus particle formation in the HSV-BSC I cell system. The chase experiment demonstrated that about 6o rain were needed for the appearance of mature HSV-DNA molecules in the infected nuclei. Previous studies (Olshevsky et al. ~967) , showed that ~ to 2 h were required for the coating of HSV-DNA molecules. It is possible (Fig. 6 ) that the virus DNA molecules which replicate in the nuclei of infected cells as well as the progeny virus DNA prior to encapsidation are incapable of migration into the acrylamide gels, due to their larger size, conformation, or other unknown properties. On the other hand, the virus DNA molecules released from mature virus particles have the properties necessary for migration in polyacrylamide gels. Further studies are in progress to establish the nature of the virus DNA molecules present in the infected nuclei.
